Matrix metalloproteinase-9 regulates MUC-2 expression through its effect on goblet cell differentiation.
We recently demonstrated that epithelial-derived matrix metalloproteinase (MMP) 9 up-regulated during inflammatory bowel disease is a critical mediator of tissue damage during colitis. MMP-9 null mice (MMP-9(-/-)) develop dramatically reduced inflammatory response to luminally administered colitic agents in the face of intact systemic immune response and inflammatory cell recruitment, suggesting protected epithelial barrier in these mice. In this study, we sought to address the role and mechanism by which MMP-9 influences barrier protective function. Wild-type and MMP-9(-/-) mice were used for in vivo studies, and the goblet cell line HT29-cl.16E and the enterocyte cell line Caco2-BBE were used for in vitro studies. Compared with wild-type mice, MMP-9(-/-) mice had an increased number of goblet cells and MUC-2 expression. In addition, KLF-4 and Elf-3, transcription factors involved in terminal differentiation of goblet cells were up-regulated, whereas notch intracellular domain (NICD; activated Notch-1) was down-regulated in MMP-9(-/-) mice. These findings suggest altered epithelial cell differentiation in MMP-9(-/-) mice. Temporal expression of MMP-9 inversely correlated with MUC-2 expression during maturation of goblet cells. MMP-9 over expression inhibited goblet cell differentiation in vitro. Conversely, MMP-9 gene silencing in Caco2-BBE cells resulted in a change in their phenotype toward goblet cells. Finally, MMP-9 over expression or silencing in goblet cells increased or decreased Salmonella typhimurium adherence, respectively. MMP-9 regulates goblet cell differentiation in colon. The effect of MMP-9 on goblet cells could contribute to alteration in mucosal defense leading to inflammation. Together, our data uncover a novel function of MMP-9 in intestinal epithelial cells.